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PROTON POLARIZATION I N  THE REACTIONS 

Cabo(d,p)CaU and Blo(d,p)B1l@t 21 MEV 
By Eo Boschitz and J, Vincent 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland , Ohio 

The polarization from the  Caho(d,p) and $O(d,p) ground state reactions was 

studied between 200 and 120° c.m. a t  a deuteron energy of appraximately 21  MeV. 

This work was done t o  extend the exis t ing polarization data i n  deuteron s t r ipping 

t o  a higher energy and l a rge r  angles as an experimental check t o  WBA calculations. 

C12(p,p)C12 a t  &O lab. semes as  an analyaer. 

by two counter telescopes t h a t  reduced the  large neutron background t o  a negligible 

amounto 

d a t a 0 ( l )  

.range, 

eating that the deuteron d is tor t ion  is predominant, 

%ion i s  less than 20% and the osc i l la tory  character of the angular dependence re- 

sembles t h a t  of the 10 MeV data,, 

t o  previous results a t  11,k MeV, 

The r i & t - l e f t  asymmetry w a s  measured 

Pcarbon is known from earlier studies a t  t h i s  Research Center and published 

The polarization fo r  €310 is found to be posit ive over the en t i re  angular 

This is i n  agreement with the data a t  7,8, (*) 8,9, ( 3 )  a d  10 mv(4) 
The magnitude of the polariga- 

The polarization found for Cak0 is similar i n  shape 

however, it is found t o  be posi t ive a t  the  s t r ip-  

ping peak, 

tude stays in the theoret ical  limfts 

Since j = 1 + *s again the deuteron interact ion i s  predominant, The magni- 

i f  no spin o r b i t  interact ion i s  involved. 
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INTRODUCTION 

I n  deuteron stripping reactions the  aJBA theory has been quite snccessfhl in 

describing the shape of the angular dis t r ibut ion and the absolute value of the cross 

section, A more s t r ingent  t es t  of t h e  de t a i l s  of t h i s  theory is  the f i t t i n g  of polar- 

I izat ion data because the polarization of the outgoing proton depends cri t ically on 

the d is tor t ion  of the incoming and/or outgoing waves by the opt ical  potential ,  

W e  are reporting here a recent polarization study of the $'(dSp)Bu and 

CaL0(dsp)Caw ground state reactions which extend the data t o  higher energies and 

cover a la rge  angular range. 

EXPERIMENTAL 

The proton polarization was determined by the  double scattering technique. The 
I 

e l a s t i c  scat ter ing of the reaction protons from Carbon a t  4s0 lab, was used as an 

analyzer . 
The first s l i d e  shows the experimental setupx A deuteron beam from the NASA 150 cm 

10 cyclotron, collimated to about 3 mm x 6 nunp was used t o  bombard targets  of 25 mg/crn2 B 

(96% enriched) and 30 mg/cm2Caho (natural  m i x t u r e ) ,  The deuteron energy a t  the t a r g e t  

center is approximately 20,7 MeV i n  both cases. The average beam current was abou-b 1. SHA 
The entrance collimators of t h e  polarimeter r e s t r i c t  the angular spread of the 

accepted protons to 2.500 Within the polarimeter, the protons a re  scattered t o  the  

r igh t  o r  l e f t  by a 70 mg/cm2 carbon ta rge t  and a r e  detected by CsI(T1 ) - E - counters. 

The pulses from those are fed i n to  t h e  sub-groups of a RIDL 200 channel analyzero 

To reduce the la rge  neutron background from the  entrance collimator, the  beam 

stopper and (d,n) reactions i n  the target, 10  m i l  thick C s I  (T1 ) - dE - sc in t i l l a to r s  

7 . * G L ~  Ye.-.- p h c e a  i n  f ron t  of the E-crystals and coincidences were required between both de- 

tectors.  With t h i s  arrangement the background could be neglacted, Typical spectra i n  
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I the puls,e height analyzer are seen i n  the next slide. The main peaks are due-to the 

, ground s t a t e  proton group, the counts a t  the l e f t  of them belong t o  the f i r s t  excited 

state. The peaks w e r e  always suff ic ient ly  qeparated to keep the aseparation error# 

smaller than the  statist ical  error, 

I Instrumental asymmetries are of main concern i n  polarization experiments. They 

can be caused byr 

a) 
b) 
c) 

misalignment of the  polarimeter with respect t o  the reaction ta rge t  center, 
aaymmetries w i t h i n  t h e  polarimeter and i n  the electronics, 
A a p e t r y  due t o  the  f i n i t e  extension of second ta rge t  and detecting counters. 

To avoid the misalignment asymmetries the mechanical par ts  of the experimental setup 

were machined t o  close tolerances. The remaining asymmetries within the polarimeter and 

the effect of electronics drift was corrected f o r  & rotat ing the  polarimeter about i t 8  

symmetry axis about 10 times during each run. 

The data originating i n  the l e f t  and r igh t  counter were accumulated i n  the analyzer 

sub-groups 1 and 2 with t h e  polarimeter i n  the  wup” position, r e spc t ive ly ,  3 and k when 

ndownw. In  addition, the polarimeter was moved in t h e  scattering plane from posit ive to 

negative stripping angle f o r  a few angles t o  check f o r  misalignment, The asymmetry due 

t o  f i n f b  geometry was restricted t o  aboutlg by the small acceptance angle of t h e  pol&- 

meter. The overall instrumental asymmetry was estimated t o  be l e s s  than 2.5% under the 

I worst e ondi ti ons. 

To obtain the polarization i n  these experiments from the measured Vight-left* 

asymmetry, the polarization of t h e  polarimeter has t o  be known over the energy range 

of t h e  reaction protons analyzed. 

tion polarization from carbon a t  4s0 lab. between 13.5 and 19.5 MeV. 

the  polarimeter operates i n  the reginn of polarization larger than 50% the protons were 

degraded by beryllium absorbers to t h e  energy rssgs of 15 to i7.5 MeV. 

Slide 3 shows the  existing data i n  the e l a s t i c  pro- 

In order tha t  

RESULTS 

In slide 4, the  present results for the Bl’(d,p)ggowd s t a t e  reaction i s  compared 
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with data a t  lower energies, 

agreement with the  data a t  7.89 8,9 and 10 MeV (2~394)  indicating - in terms of the 

The polarization a t  2 1  MeV is found to be positive, in 

glendcPassfcdL model - t ha t  the deuteron dis tor t ion is predominanto The magnitude of 

th6 polariaation and the osel l la tory  character of its angular dependence me sixllar 

t o  the  PO MeV dab, but the  frequency is greater. The negative polarization a t  U O k  
part icular ly  the rapid change from 10  t o  11,b MeV, is unexpected but might be 

caused by interference between stripping and compound nucleus formation. 

section data a t  21,s MeV were taken from Zeidm;en e t  al, 

The cross 
( 6 )  

The next slide presents the polarization obtained f o r  C0lroO Since no cross SQC- 
~ 

t ion data w e r e  available a t  t h i s  energy, we have measured the angula~ dist r ibut ion of 

Ca (d,p)Ca over the angulw range of our polarization data., 40 lil 

When comparing the polarization a t  2 1  MeV with Talcha's data a t  ll.4 MeV, a great 

s imilar i ty  i n  the shape of the polarization dis t r ibut ion is evident, For the  higher 

energyo however, the polarization curve is shif ted t o  smaller angles by the same amount 

8s the  d i f f e ren t i a l  cross section, For 2 1  MeV incident deuteron energy the polarba t ion  

is positi~e a t  the stripping peak, 

neutron is Jn= I,+ 

tude &ays 9n the theoret ical  limfte, I P I 5  $ 

ac ti on, 

Since the t o t a l  angularp maolentum f o r  the captured 

t he  deuteron interaction seems t o  be predodnat again, The magni- 

fo r  s-bripphg witzhout spin-orbit inter- 
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